Abstract. As happened previously in electronics, software targeted at consumers is increasingly the focus of investment and innovation. Some of the areas where it is leading is animated interfaces, treating users as a community, audio and video information, software as a service, agile software development, and the integration of business models with software design. As a risk-taking and experimental market, and as a source of ideas, consumer software can benefit other areas of applications software. The influence of consumer software can be magnified by research into the internal organizations and processes of the innovative firms at its foundation.
Introduction
Consumer software applications target individual members of our society, and provide them with productivity enhancements, fun and entertainment, and ways to interact and collaborate with family, friends, and colleagues. Other distinctive categories of software applications include those that serve organizations (businesses, education, government, military, etc.) and commerce. Consumer software applications can be (and frequently are) exploited in organizational contexts as well. With the advent of the Internet and the Web, as well as new computing platforms such as the smart phone, the space of consumer software applications has in recent years seen an explosion in innovation. Consumer software applications are highly innovative and experimental, and other categories of software can explicitly exploit or benefit from their pioneering spirit.
The Opportunity
Although the vendor industries in information technology (IT) have increasingly adopted an open innovation model [3] , business and enterprise applications remain largely inwardly focused in their innovation. Many large enterprises expend considerable resources for customized solutions designed to meet their special needs or provide competitive advantage, while the number of vendors providing standardized customizable solutions is small. The innovation model within a large company's information systems (IS) organizations falls in Pasteur's quadrant [20] , relying on internal experience and expertise to identify specific opportunities for improving efficiency and effectiveness through information technology. Later as more generic needs spread throughout the relevant industry and the competitive advantage of customized solutions is undercut, it is typical to reduce cost and risk by adopting off-the shelf solutions (such as replacing a home-grown accounting system by a commercial enterprise resource planning solution).
In the meantime, consumer software applications have become very dynamic, moving beyond personal productivity and automation of existing functions into pioneering new territory. One characteristic of new technology development is uncertainty [21] , which is a anathema to the manager of a large organization but more acceptable to entrepreneurs and early adopters among consumers. These applications are sometimes directly useful in enterprises, but more commonly there are opportunities for capturing innovation and value within enterprises inspired by these consumer technologies.
It is not unexpected that consumer markets would become a technology leader and application driver in software. The extraordinarily large market opportunity, the high competitive energy brought to bear, and the relatively large investments that are possible eventually overwhelm the greater focus of products aimed at specific organizational needs. This has happened previously in other areas of IT. For example, military technology has historically created important spin-offs to civilian and commercial use, the Internet being a premier example. Increasingly military applications have become dependent on commercial technology [1] , while specific military needs are increasingly specialized and hence less likely to influence commercial markets. Another example is the supercomputers used for the highest end and most specialized needs imaginable, which today are most commonly built from large numbers of commodity commercial processors [8] , those processors at the high end in turn largely justified by gaming and Web server applications. The supercomputer market could never justify investments approaching those already targeted at the commercial market.
In application software for enterprises, for similar reasons it has always been true that outside of specialized areas (such as enterprise resource planning, knowledge management, and applications customized to individual company processes) companies rely on standard commercial solutions at both the application and infrastructure levels. Both specialized solutions and commercial solutions should benefit from an infusion of new ideas.
In what follows we discuss some opportunities for other areas of the application software industry that arise from recent innovations in consumer applications.
The Cutting Edge of Consumer Software
It is useful to illustrate some areas where consumer software pioneered new innovations by focusing on three major examples.
Gaming has spawned innovations in graphics processors, software graphics, and programming tools. Embodied in gaming, in spite of its lighthearted motivations, is a richness of interaction and user experience that has profound implications for other application areas. Many areas of activity could benefit from such techniques and associated technology, suitably adapted and extended. This includes activities in the "real world" with a game-like character [12] and knowledge exploration and training and education [22] . SecondLife illustrates a game-like environment with a monetary and market element, and could be a precursor to more blatantly commercial marketplaces. Many other activities can benefit from interface elements like sensors and rich animation.
Social networking applications such as Facebook have moved beyond the view of a software application focused on its the individual users. They treat their membership as a collection of communities, in a model called community networked services [14] . Earlier organizational applications focused on coordination of business processes such as customer service have pioneered the service of groups of users, but social networking is defining new ways to support (and more importantly expand) the informal and social needs of its users. As with gaming, many of the activities supported in social networking can be viewed as lighthearted or even trivial, but the general modalities captured therein may be applicable to a variety of serious purposes.
Audio, video, speech recognition are increasingly integrated into applications and help systems. A Google speech-recognition based search function has become popular on the mobile platform, and the ability for all users to post videos for all to see has stimulated a variety of new uses. The text to speech synthesis of the Kindle e-book reader bridges the gap between audiobooks and textual interfaces. Increasingly traditional journalism, product reviews, and help systems rely on video in place of traditional textual interfaces.
The foregoing examples illustrate new functionality that has proven useful to consumers. Innovation has occurred in non-functional areas as well. Although it is not yet well documented, it appears that many of the new Web-based applications have a close connection to their end users in guiding the ongoing evolution of the service, as another concrete example of Pasteur's quadrant innovation [20] driven by end users, as has been common in many industries [24] , [25] . As a driver for their business models, new services have found ways for users to collectively co-create value through their joint activities, and identified ways for the monetization of that value by the service provider [14] . New applications and services are much more likely to be distributed by software as a service (SaaS) [23] than the traditional software download and installation by the user. Mobile platforms, however, have illustrated the value of mixing the download and SaaS models. In a related but different vein, the opportunities from cloud computing [9] have been concretely illustrated by applications that allow consumers to store or backup data and perform processing on remote servers.
Capturing Innovations in Functionality
Inevitably many of these consumer applications are used within organizations and businesses, whether officially sanctioned and promulgated by an IS organization or informally introduced by the staff. Like the backdoor entry of the personal computer in an earlier era, this allows users to experiment and invent new uses while potentially creating a number of problems such as security holes or data loss. Consumer applications are not designed with specific organizational needs in mind, and in many cases neither do they directly meet compelling organizational needs. How, for example, would many of the video games be compelling? The consumer market is not only large, but less risk adverse and more appropriate for experimentation. It can serve as a source of ideas and inspiration, and a place where features can mature and be qualified. By their very nature, consumer applications have broad interest, and as such many of their most useful features are arguably more likely to be incorporated into vendor software than developed internally to organizations. The ideas incorporated therein are particularly applicable to customer-facing systems, and less likely to be incorporated into internal business processes. However, they should be valuable in the extemporaneous and informal processes of an organization, and interorganizational interactions and collaborations [16] as well. The three areas of innovation listed previously can illustrate this. New modalities of informal communication identified in social networking applications can improve the effectiveness of geography-spanning virtual teams [13] , but an even bigger opportunity is to expand the informal lines of communication in an organization [11] that were previously associated with self-limiting physical proximity. Ways in which value can be co-created within a community [14] are clearly applicable to an organizational context. The use of media like audio and video can be dramatically expanded beyond voicemail and formal training videos to enhance communication and reduce some of the drudgery often associated with paperwork and documentation. It is a reasonable hypothesis that these sorts of informal connections among users are more effective than formal initiatives like knowledge management systems in capturing and conveying the tacit knowledge that is a crucially important resource for any effective organization [7] . Such informal networks may also help rejuvenate apprenticeship as a supplement to formal training programs.
Clearly there are many unknowns here. Studying the modalities for enhancing communication and collaboration in the consumer marketplace and their outcomes and effectiveness can contribute to understanding of how to achieve similar benefits in more formally structured organizations, and possibility how to restructure these organizations for greater effectiveness as well.
Capturing other benefits
While consumer applications can provide inspiration on new functionality, there can be other valuable spin-offs as well. A few examples will now be outlined.
One of the major challenges for applications software lies in the maturity of the industry. The earliest and easiest approach, the "low-hanging fruit" if you will, is the automation of existing functions and processes. For example, in the consumer area the earliest applications were word processing and email, functions that simply automated previously manual processes. Gaming and the Web began to introduce functionality not seen previously, and their success is evident. The greatest gains as measured by efficacy (accomplishing what is intended), effectiveness (accomplishing it well), and efficiency (accomplishing it with minimum resources) arise when new uses are found for technology, new uses that take advantage of its special capabilities. There is considerable historical evidence backing up this observation [5] . This process seems more evident in consumer software applications, at least recently. As greater understanding is developed into the mindsets and processes behind this, consumer software applications can serve as a model for speeding this process in other domains.
There are increasing demands on the information systems organization to become more business relevant, and the CIO to assume more of a role of a general business manager [19] that participates in decision making at the executive level. The nature of the business challenges facing a CIO are undoubtedly far different those faced by a consumer application vendor. However, firms in the most innovative parts of the consumer software marketplace require a tight coupling and dependence between business decisions and software design [17] . It seems generally true that a small group of managers, such as founders and early employees, serve as both technology visionaries and business managers. Studying the decision and consensus processes in such organizations and how they relate to commercial success can bring insights useful in larger software firms and end-user firms in a variety of industries in making their software design decisions more business-relevant.
The idea of value co-creation within the user community of a consumer application [14] remarkably parallels the type of value that arises in informal interactions and collaborations within an organization. For example, in both cases the individuals are expected to spontaneously form networks, and generally there is no need or desire to directly monetize any value that results. Rather, the benefits are indirect, manifested by for example more usage and user loyalty in the consumer case and greater exploitation of tacit knowledge and increased employee loyalty in the organizational case. Studying the forms and origins of value in either case, as well as how those relate to the design and features of the software, can bring valuable insights to the other.
The epitome of open innovation in software is open source [26] , which has evolved from individual programmers to a collaborative method of software development among organizations. Both, but especially the individual contributions, are an example of end-user innovation [10] . While there has been considerable adoption of open-source solutions in enterprises, this has been mostly at the level of infrastructure (like operating systems or web servers) rather than applications. It remains largely unexplored whether open source would be a valuable modality for enterprises to share resources and expertise in application development [6] . Open source methodology and its predecessors have a long history in consumer application areas, and as such illustrate the potential.
Software development organizations have been adopting processes that are increasingly agile, embracing changing requirements and involving the end user more integrally in the design process [2] , [18] . By all appearances many Web-based consumer applications have evolved at an unusually high rate, and tracked and benefited from user input and ideas to an unusual degree. It would be interesting to study their internal processes, which give the external appearance of agility. The extent to which processes are actually agile, and appreciating the mechanisms by which they are made agile, will require more empirical research. Clearly there is an opportunity to understand and capture and repurpose the techniques that have evolved. As well, consumer applications offer a good laboratory for experimenting with new ideas in development methodology.
While software distribution using software as a service (SaaS) [15] appears in the vendor enterprise market, particularly in applications that target small to midsize businesses, consumer applications have carried this trend to a greater extreme, and their experience should be a valuable asset. In addition, IS organizations exploit SaaSlike approaches for serving internal users, and can be both a source of ideas and inspiration and a beneficiary of better practices in managing SaaS. For example, SaaS despite its many advantages suffers potential security vulnerabilities and data security issues [4] that must be overcome.
Conclusions
The consumer applications market offers a ripe opportunity for empirical research and as a laboratory for experimentation and qualification of new ideas in business models, user support, end-user innovation, and software development. This is particularly true of the large number of emerging Web-based applications and emerging models for software application distribution on mobile platforms. Since these areas are still emerging and maturing, they are strongly influenced by innovative new ideas. This can be a fruitful area for academic research within the management and software engineering disciplines for some years to come.
